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SPINDLE MOTOR CONTROL METHOD AND
DISK UNIT

BACKGROUND OF THE INVENTION

The present invention generally relates to spindle motor 5
control methods and disk units, and more particularly to a
spindle motor control method for positively stopping rota-
tion of a spindle motor and to a disk unit which employs
such a spindle motor control method.

In disk units such as magnetic disk units, optical disk units
and magneto-optic disk units, a spindle motor rotates a
recording medium such as a magnetic disk, optical disk and
magneto-optic disk. The spindle motor rotates the disk
during operation of the disk unit, but in a power save mode
or the like, the spindle motor is stopped in order to reduce
the power consumption. In addition, when the disk is loaded
into the disk unit, the disk is mounted on a spindle which is
rotated by the spindle motor. On the other hand, when
unloading the disk from the disk unit, the disk is removed
from the spindle. There is a possibility of a recording surface
of the disk from becoming damaged if the spindle rotates
while loading and unloading the disk to and from the disk
unit, and for this reason, the spindle motor is stopped when
loading and unloading the disk to and from the disk unit.

When stopping the spindle motor, there is a demand to
positively stop the rotation of the spindle motor within a
short time from a start of a stop operation. If the rotation of
the spindle motor actually does not stop completely even
when the stop operation is carried out, there is a possibility
of damaging the disk when loading and unloading the disk
to and from the disk unit. Furthermore, if it takes time for the
actual rotation of the spindle motor to completely stop after
the start of the stop operation. it takes that much time to load
and unload the disk to and from the disk unit in a case where
the loading and unloading of the disk is prohibited until the
* rotation of the spindle motor comes to a complete stop, and
the operation characteristic of the disk unit becomes poor.

Conventionally, there is a spindle motor which is provided
with a Hall element for detecting the rotation of the spindle
motor. According to this spindle motor, a brake signal is
supplied to the spindle motor based on a rotation detection
signal which is detected by use of the Hall element, so as to
stop the rotation of the spindle motor. It is possible to judge
whether or not the spindle motor is stopped based on the
rotation detection signal.

But recently, in order to reduce the cost of the spindle
motor, there are disk units which use a type of spindle motor
which is not provided with a Hall element. For this reason,
it is impossible to judge whether or not this type of spindle
motor is stopped based on the rotation detection signal
described above.

Hence, in the case of this type of spindle motor which is
not provided with a Hall element, there is no means of
detecting whether or not the spindle motor is stopped, and a
brake signal is turned. ON/OFF by use of a timer or the like
when stopping the spindle motor.

However, when the brake signal is supplied to the spindle
motor when stopping the spindle motor which is undergoing
a steady state rotation, there was a problem in that it is
impossible to positively and accurately stop the spindle
motor by simply turning the brake signal ON/OFF by
determining a brake time by use of the timer or the like,
because a deceleration value at an initial stage of the brake
time slightly differs for each individual spindle motor. In
addition, since the characteristic of the spindle motor is
temperature dependent, there was also a problem in that an
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accurate brake time cannot be obtained when a temperature
change occurs. In these cases, because an appropriate brake
time cannot be obtained, the spindle motor continues to
rofate in a forward direction due to inertia if the brake time
is too short, and the spindle motor starts to rotate in a reverse
direction due to inertia if the brake time is too long.

Conventionally, the possibility of the spindle motor
slightly rotating due to inertia is taken into consideration,
and after the supply of the brake signal to the spindle motor
is stopped, the spindle motor is regarded stopped after a
predetermined time elapses from the stop of the brake signal
supply by use of a timer. As a result, there was a problem in
that it takes time to detect the stop of the spindle motor, and
when this spindle motor is applied to the disk unit, there was
a problem in that the operation characteristic of the disk unit
becomes poor when loading and unloading the disk to and
from the disk unit.

SUMMARY OF THE INVENTION

Accordingly. it is a general object of the present invention
to provide a novel and useful spindle motor control method
and disk unit in which the problems described above are
eliminated.

Another and more specific object of the present invention
is to provide a spindle motor control method and a disk unit
which can positively stop a spindle motor within a short
time.

Still another object of the present invention is to provide
a spindle motor control method for stopping a spindle motor
which rotates in a forward direction in response to a rotation
signal, comprising the steps of (a) supplying to the spindle
motor a brake signal for rotating the spindle motor in a
reverse direction when stopping the spindle motor which
rotates in the forward direction, and (b) putting the rotation
signal and the brake signal to an OFF state when a frequency
generator signal FG which indicates a rotational phase of the
spindie motor and is generated based on an output of the
spindle motor is not detected for a predetermined time.
According to the spindle motor control method of the
present invention, it is possible to positively stop the spindle
motor within a short time regardless of the state of the
spindle motor.

A further object of the present invention is to provide a
disk unit comprising a spindle motor rotating a disk. a driver
circuit controlling driving of the spindle motor and output-
ting a frequency generator signal FG which indicates a
rotational phase of the spindle motor based on an output of
the spindle motor, and a controller supplying to the driver
circuit a rotation signal for rotating the spindle motor in a
forward direction and a brake signal for reversing a rotating
direction of the spindle motor, and controlling rotation and
stop of the spindle motor, wherein the controlier supplies the
brake signal to the driver circuit when stopping the spindle
motor which rotates in the forward direction, and puts both
the rotation signal and the brake signal to a OFF state when
the frequency generator signal FG is not detected for a
predetermined time. According to the disk unit of the present
invention, it is possible to positively stop the spindle motor
within a short time regardless of the state of the spindle
motor within the disk unit. For this reason, it is possible to
improve the operation characteristic of the disk unit particu-
larly when loading and unloading the disk to and from the
disk unit.

Other objects and further features of the present invention
will be apparent from the following detailed description
when read in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a system block diagram showing the general
construction of a spindle motor control system of an
embodiment of a disk unit according to the present inven-
tion;

FIG. 2 is a system block diagram showing the construc-
tion of a spindle motor driver;

FIG. 3 is a flow chart showing an embodiment of a spindle
motor stop operation carried out by a controller; -

FIG. 4 is a time chart showing timings of a frequency
generator signal FG, a rotation signal RO and a brake signal
BRK for a case where a spindle motor stops by a single
brake operation;

FIG. 5 is a time chart showing timings of the frequency
generator signal FG, the rotation signal RO and the brake
signal BRK for a case where the spindle motor stops by two
brake operations;

FIG. 6 is a flow chart showing another embodiment of the
spindle motor stop operation carried out by the controller;

FIG. 7 is a diagram showing a measured result of a
relationship of a brake time and a frequency of the frequency
generator signal FG during a forward rotation of the spindle
motor in the embodiment;

FIG. 8 is a diagram showing a measured result of the
relationship of the brake time and the frequency of the
frequency generator signal FG during a reverse rotation of
the spindle motor in the embodiment;

FIG. 9 is a diagram showing a measured result of a
relationship of the brake time and a pulse time of the
frequency generator signal FG during the forward rotation of
the spindle motor in the embodiment; and

FIG. 10 is a diagram showing a measured result of the
relationship of the brake time and the pulse time of the
frequency generator signal FG during the reverse rotation of
the spindle motor in the embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a system block diagram showing the general
construction of a spindle motor control system of an
embodiment of a disk unit according to the present inven-
tion. In this embodiment of the disk unit, the present
invention is applied to an optical disk unit which employs an
embodiment of a spindle motor control method according to
the present invention.

In FIG. 1. an optical disk 1 is mounted on a spindle 2
which is rotated by a spindle motor 3. The spindle motor 3
is controlled by a spindie motor driver 4 and a controller 5.
The controller § is made of a central processing unit (CPU),
for example, and generates a rotation signal RO and a brake
signal BRK based on an external rotate/stop instruction and
a frequency generator signal FG from the spindle motor
driver 4. The rotation signal RO indicates the start of the
rotation of the spindie motor 3 or that the spindle motor 3 is
rotating. The controller 5 supplies the generated rotation
signal RO and the brake signal BRK to the spindle motor
driver 4. For example, the rotate/stop instruction is supplied
to the controller 5 from a host unit (not shown) or an
operation panel (not shown). When starting a forward rota-
tion of the spindle motor 3 in order to make the spindle
motor 3 undergo a steady state rotation, the controller 5 sets
the rotation signal RO to a high level and sets the brake
signal BRK to a low level, based on the rotation instruction.
The spindle motor driver 4 generates a driving signal PWM
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4
based on the high-level rotation signal RO and the low-level
brake signal BRK which are received from the controller 5.
The spindle motor driver 4 supplies the generated driving
signal PWM to the spindle motor 3 so as to control and rotate
the spindle motor 3 to undergo the steady state rotation.

When stopping the spindle motor 3 in this state, the
controller 5 sets the brake signal BRK to a high level based
on the stop instruction. The spindle motor driver 4 generates
a driving signal PWM based on the high-level rotation signal
RO and the high-level brake signal BRK which are received
from the controller 5. The spindle motor driver 4 supplies the
generated driving signal PWM to the spindle motor 3 so as
to control the spindle motor 3 to start a reverse rotation. As
a result, the spindle motor 3 is braked, and the controller §
thereafter generates and supplies low-level rotation signal
RO and a low-level brake signal BRK to the spindle motor
driver 4, so as to put the spindle motor 3 to a stopped state.

FIG. 2 is a system block diagram showing the construc-
tion of the spindle motor driver 4. The spindle motor driver
4 generally includes a start control circuit 41, a timing
control circuit 42, a soft switching drive circuit 43, an output
drive buffer circuit 44, a rotor position detection circuit 45,
and a drive circuit 46 which are connected as shown in FIG.
2. For example, an integrated circuit (IC) TPIC1304 manu-
factured by Japan Texas Instruments may be used as the
spindle motor driver 4 having the above described construc-
tion. :

The start control circuit 41 sets a rotating direction at a
start of the spindle motor 3 based on the rotation signal RO
from the controller 5, and supplies a signal which indicates
the setrotating direction to the timing control circuit 42. The
rotor position detection circuit 45 detects arotary position of
a rotor of the spindle motor 3 based on signals of 3 phases
U, V and W obtained from the spindle motor 3, and supplies
a signal indicating the rotary position of the rotor to the
timing control circuit 42. The timing control circuit 42
generates a timing signal for controlling a timing with which
a current applied to each of the phases U, V and W of the
spindle motor 3 is switched, based on the signals from the
start control circuit 41 and the rotor position detection circuit
45, and supplies the timing signal to the soft switching drive
circuit 43. In addition, the timing control circuit 42 generates
a frequency generator signal FG which indicates the rota-
tional phase of the spindle motor 3, based on the signal from
the rotor position detection circuit 45, and supplies the
frequency generator signal FG to the controller S shown in
FIG. 1.

The soft switching drive circuit 43 is provided to elimi-
nate a spike noise which is generated when switching the
current applied to each of the phases U, V and W of the
spindle motor 3. When stopping the spindle motor 3 which
is undergoing a steady state rotation, the soft switching drive
circuit 43 generates a signal indicating a reverse switching
timing, based on the high-level brake signal BRK obtained
from the controller 5 shown in FIG. 1 and the timing signal
obtained from the timing control circuit 42. The output drive
buffer circuit 44 controls ON/OFF states of each of transis-
tors within the drive circuit 46, based on the output signal of
the soft switching drive circuit 43. The drive circuit 46
controls an output current depending on the signal obtained
from the output drive buffer circuit 44, so as to rotate the
rotating direction and the rotational speed of the-spindle
motor 3.

FIG. 3 is a flow chart showing an embodiment of a spindle
motor stop operation carried out by the controller 5 shown
in FIG. 1. The spindle motor stop operation shown in FIG.
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3 is started in response to the stop instruction, and for the
sake of convenience, it is assumed that the spindle motor 3
is undergoing a steady state rotation in this state.

In FIG. 3, a step S1 sets the brake signal BRK to a high
level, and a step S2 measures a time of 1 pulse of the
frequency generator signal FG obtained from the spindle
motor driver 4. A step S3 decides whether or not a measured
period Tf of the frequency generator signal FG is shorter
than or equal to a reference period Th. If the decision result
in the step S3 is NO., it is judged that the spindle motor 3 is
stopped. and the process advances to a step S6. The step S6
sets both the brake signal BRK and the rotation signal RO
to a low level, and the process ends.

On the other hand, if the decision result in the step $3 is
YES, a step S4 decides whether or not the time of 1 pulse
of the frequency generator signal FG is measured a prede-
termined number of times. The process returns to the step $2
if the decision result in the step S4 is NO. If the decision
result in the step S4 is YES, a step S5 decides whether or not
the spindle motor 3 is decelerating. The process returns to
the step S2 if the decision result in the step S5 is YES, so as
to repeat the above described process. More particularly, the
step SS compares a maximum value TF(max) of the period
Tf of the frequency generator signal FG measured before,
for example, and the period Tf of the frequency generator
signal FG that is measured the predetermined number of
times described above. It is judged that the spindle motor 3
is decelerating if the period Tf of the frequency generator
signal FG that is measured the predetermined number of
times is greater than the maximum value TF(max).

If the decision result in the step S5 is NO, the spindle
motor 3 is making a reverse rotation or is starting to make
areverse rotation. For this reason, if the decision result in the
step S5 is NO, the level of the brake signal BRK is inverted
and the process returns to the step S2. In other words, if the
decision result in the step 85 is NO, a step S7 decides
whether or not the brake signal BRK has a high level, and
a step S8 sets the brake signal BRK to a low level if the
decision result in the step S7 is YES, before the process
returns to the step S2. In addition, if the decision result in the
step S7 is NO, a step S9 sets the brake signal BRK to a high
level, before the process returns to the step S2.

FIG. 4 is a time chart showing timings of the frequency
generator signal FG, the rotation signal RO and the brake
signal BRK for a case where the spindie motor 3 stops by a
single brake operation. As shown in FIG. 4, during an
interval A in which the spindle motor 3 is in a steady state
rotation state, the frequency generator signal FG makes a
transition at a constant period, the rotation signal RO has a
high level, and the brake signal BRK has a low level. When
the brake signal BRK is set to a high level at a time To, a
reverse rotation force is applied to the spindle motor 3, and
thus, the rotational speed of the spindle motor 3 gradually
decreases during an interval B, while the period Tf of the
frequency generator signal FG gradually becomes longer. In
FIG. 4. Tb denotes a brake time. Both the rotation signal RO
and the brake signal BRK are set to a low level at a time Ts
when the period Tf of the frequency generator signal FG
exceeds the reference period Th. Accordingly, the spindle
motor 3 will not rotate due to inertia or make a reverse
rotation during an interval C, and it is possible to positively
stop the spindle motor 3 within a short time. For example,
the reference period Th may be obtained from results of
experiments or by measuring the period Th of the frequency
generator signal FG when the spindle motor 3 stops.

FIG. 5 is a time chart showing timings of the frequency
generator signal FG, the rotation signal RO and the brake
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signal BRK for a case where the spindle motor 3 stops by 2
brake operations. As shown in FIG. 5. during an interval A
in which the spindle motor 3 is in a steady state rotation
state, the frequency generator signal FG makes a transition
at a constant period, the rotation signal RO has a high level,
and the brake signal BRK has a low level. When the brake
signal BRK is set to a high level at a time To. a reverse
rotation force is applied to the spindle motor 3, and the
rotational speed of the spindle motor 3 gradually decreases
during an interval D, while the period Tf of the frequency
generator signal FG gradually becomes longer. At a time Tr,
the spindle motor 3 starts a reverse rotation, and the period
Tf of the frequency generator signal FG gradually becomes
shorter. At a time Tc, it is judged that the spindle motor 3 is
making a reverse rotation. For this reason, the brake signal
BRK is set to a low level at the time Tc, and the rotation
signal RO is maintained at the high level, so as to apply a
forward rotation force to the spindle motor 3. As a result,
because the rotational speed of the spindle motor 3 is already
sufficiently slow, it is possible to find a point in time when
the period Tf of the frequency generator signal FG exceeds
the reference period Th. The rotation signal RO is set to a
low level at a time Ts when the period Tf of the frequency
generator signal FG exceeds the reference period Th.
Therefore, the spindle motor 3 will not make a forward or
reverse rotation due to inertia during an interval C, and it is’
possible to positively stop the spindle motor 3 within a short
time. In FIG. 5, Tbr denotes a first brake time, and Tbf
denotes a second brake time,

Of course, the number of brake times is not limited to 1
or 2, and it is possible to provide 3 or more brake times.

FIG. 6 is a flow chart showing another embodiment of the
spindle motor stop operation carried out by the controller 5
shown in FIG. 1. The spindle motor stop operation shown in
FIG. 6 is started in response to the stop instruction, and for
the sake of convenience, it is assumed that the spindle motor
3 is making a steady state rotation in this state. In FIG. 6,
those steps which are the same as those corresponding steps
in FIG. 3 are designated by the same reference numerals, and
a description thereof will be omitted.

In FIG. 6, after the step $2, a step S11 decides whether or
not the period Tf of the frequency generator signal FG is
within a tolerable range. The process returns to the step S2
if the decision result in the step S11 is NO. On the other
hand. the process advances to the step S3 if the decision
result in the step S11 is YES. Hence, even if an irregular and
short pulse appears in the frequency generator signal FG due
to the characteristic of the spindle motor driver 4 or the like
immediately before the spindle motor 3 stops, for example,
it is possible to prevent the spindle motor 3 from being
erroneously judged as making a reverse rotation based such
a frequency generator signal FG.

FIG. 7 is a diagram showing a measured result of a
relationship of the brake time and a frequency of the
frequency generator signal FG during a forward rotation of
the spindle motor 3 in this embodiment. In addition, FIG. 8
is a diagram showing a measured result of a relationship of
the brake time and the frequency of the frequency generator
signal FG during a reverse rotation of the spindle motor 3 in
this embodiment. In FIGS. 7 and 8. the ordinate indicates the
frequency of the frequency generator signal FG in Hz, and
the abscissa indicates the brake time in x0.1 msec. In
addition, measured results of the frequency of the frequency
generator signal FG is indicated by a black diamond-shaped
mark. and the frequency of the frequency generator signal
FG obtained by a regressive calculation is indicated by a
rectangular mark.
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FIG. 9 is a diagram showing a measured result of a
relationship of the brake time and the period of the fre-
quency generator signal FG, that is, a pulse time (duration)
of the frequency generator signal FG, during the forward
rotation of the spindle motor 3 in this embodiment. In FIG.
9, the ordinate indicates the pulse time of the frequency
generator signal FG in msec, and the abscissa indicates the
brake time in msec. In addition, since the pulse time of the
frequency generator signal FG remains virtually unchanged
for approximately 300 msec after the braking is turned ON,
the illustration of this portion of the brake time is omitted in
FIG. 9.

In FIG. 9, short pulse times of the frequency generator
signal FG are measured at portions approximately 700 msec
to 800 msec after the braking is turned ON, but this does not
indicate a reverse rotation of the spindle motor 3, but is
caused by the short pulses of the frequency generator signal
FG generated due to the characteristic of the spindle motor
driver 4 or the like immediately before the spindle motor 3
stops. After approximately 800 msec from the time when the
braking is turned ON, the measured pulse time of the
frequency generator signal FG becomes longer than that of
immediately before, and it may be seen that the spindle
motor 3 is still making a deceleration in the forward rotation
state.

When the pulse time of the frequency generator signal FG
for turning the braking OFF is set to 30 msec, for example,
the braking is turned OFF when the detected pulse time of
the frequency generator signal FG exceeds 30 msec while
measuring the pulse time of the frequency generator signal
FG. In the case shown in FIG. 9, the braking should be
turned OFF after approximately 830 msec from the time
when the braking is turned ON.

FIG. 10 is a diagram showing a measured result of a
relationship of the brake time and the period of the fre-
quency generator signal FG, that is, the pulse time (duration)
of the frequency generator signal FG, during the reverse
rotation of the spindle motor 3 in this embodiment. In FIG.
10, the ordinate indicates the pulse time of the frequency
generator signal FG in msec, and the abscissa indicates the
brake time in msec. In addition, since the pulse time of the
frequency generator signal FG remains virtually unchanged
for approximately 300 msec after the braking is turned ON,
the illustration of this portion of the brake time is omitted in
FIG. 10.

In FIG. 10, short pulse times of the frequency generator
signal FG are measured at portions approximately 800 msec
to 800 msec after the braking is turned ON, but this does not
indicate a reversal of the rotation of the spindle motor 3 in
the forward direction, but is caused by the short pulses of the
frequency generator signal FG generated due to the charac-
teristic of the spindle motor driver 4 or the like immediately
before the spindle motor 3 stops. After approximately 800
msec from the time when the braking is turned ON, the
measured pulse time of the frequency generator signal FG
becomes longer than that of immediately before. and it may
be seen that the spindle motor 3 is still making a deceleration
in the reverse rotation state.

When the pulse time of the frequency generator signal FG
for turning the braking OFF is set to 35 msec, for example,
the braking is turned OFF when the detected pulse time of
the frequency generator signal FG exceeds 35 msec while
measuring the pulse time of the frequency generator signal
FG. In the case shown in FIG. 10, the braking should be
turned OFF after approximately 1800 msec from the time
when the braking is turned ON.
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The disk unit according to the present invention is of
course not limited to the optical disk unit of the embodiment
described above, and the present invention is similarly
applicable to various other kinds of disk units including
magneto-optic disk units and magnetic disk units.

Further, the present invention is not limited to these
embodiments, but various variations and modifications may
be made without departing from the scope of the present
invention.

What is claimed is:

1. A spindle motor control method for stopping a spindle
motor which rotates in a forward direction in response to a
rotation signal, comprising the steps of:

(a) supplying to the spindle motor a brake signal for
rotating the spindle motor in a reverse direction when
stopping the spindle motor which rotates in the forward
direction; and

(b) putting the rotation signal and the brake signal to an
OFF state when a frequency generator signal FG which
indicates a rotational phase of the spindle motor and is
generated based on an output of the spindle motor is not
detected for a predetermined time.

2. The spindle motor control method as claimed in claim
1, wherein said step (b) puts the rotation signal and the brake
signal to the OFF state when a period of the frequency
generator signal FG exceeds a predetermined value.

3. The spindle motor control method as claimed in claim
1, wherein said step (b) comprises:

detecting a deceleration of the spindle motor when a
period of the frequency generator signal FG is less than
a predetermined value; and

putting the brake signal to the OFF state when no decel-
eration is detected.

4. The spindle motor control method as claimed in claim
3, wherein said step (b) detects the deceleration of the
spindle motor when the period of the frequency generator
signal FG is less than the predetermined value and is greater
than a maximum period which is measured previously.

5. The spindle motor control method as claimed in claim
2, wherein said step (b) comprises:

measuring a period of 1 pulse of the frequency generator
signal FG; and

putting both the rotation signal and the brake signal to the
OFF state when the measured period exceeds a prede-
termined value.

6. The spindle motor control method as claimed in claim

5, which further comprises the steps of:

(c) measuring the period of 1 pulse of the frequency
generator signal FG again if the period of 1 pulse of the
frequency generator signal FG falls outside a predeter-
mined range.

7. A disk unit comprising:

a spindle motor rotating a disk;

a driver circuit controlling driving of said spindle motor
and outputting a frequency generator signal FG which
indicates a rotational phase of said spindle motor based
on an output of said spindie motor; and

a controller supplying to said driver circuit a rotation
signal for rotating said spindle motor in a forward
direction and a brake signal for reversing a rotating
direction of said spindle motor, and controlling rotation
and stop of said spindle motor,

said controller supplying the brake signal to said driver
circuit when stopping said spindle motor which rotates
in the forward direction, and putting both the rotation
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signal and the brake signal to a OFF state when the
frequency generator signal FG is not detected for a
predetermined time.

8. The disk unit as claimed in claim 7. wherein said
controller puts both the rotation signal and the brake signal
to the OFF state when a period of the frequency generator
signal FG exceeds a predetermined value.

9. The disk unit as claimed in claim 7, wherein said
controller comprises:

means for detecting a deceleration said spindle motor

when a period of the frequency generator signal FG is
Iess than a predetermined value; and

means for putting the brake signal to the OFF state when

no deceleration is detected.

10. The disk unit as claimed in claim 9, wherein said °

controller detects the deceleration of the spindle motor when
the period of the frequency generator signal FG is less than

10

the predetermined value and is greater than a maximum
period which is measured previously.
11. The disk unit as claimed in claim 8, wherein said
controller comprises:
means for measuring a period of 1 pulse of the frequency
generator signal FG; and
means for putting both the rotation signal and the brake
signal to the OFF state when the measured period
exceeds a predetermined value.
12. The disk unit as claimed in claim 11, wherein said
controller further comprises:
means for measuring the period of 1 pulse of the fre-
quency generator signal FG again if the period of 1
pulse of the frequency generator signal FG falls outside
a predetermined range.
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